Introduction
The prevalence of diabetes is increasing worldwide (1) rendering grave consequences to both individuals and society. Patients with type 2 diabetes (T2D) who do not respond to standard treatment and disease management programs constitute a special challenge. Inequality in the health care system is well known. Higher SES populations are more prone to attend disease management courses than low SES populations. In lower social groups a higher incidence of type 2 diabetes (2, 3, 4, 5) and increased risk of developing complications has been described (6) . Vulnerability in relation to disease does not have a clear definition but refers to patients with difficulty in coping with disease. Low socioeconomic status does not per se make a patient vulnerable but as low education correlates to mortality and comorbidity, vulnerable patients are presumably more frequent among lower socioeconomic groups. Ethnical minority groups have higher prevalence of diabetes (7, 8) and poorer diabetes control (9) . Immigrants often have lower socioeconomic status (10) and poorer self-perceived health relating to increased mortality and morbidity (11) . Thus, vulnerable patients might also be overrepresented among ethnical minority groups. To improve care in vulnerable patients with diabetes, recent studies have focused on alternative programs for diabetes control, including peer-led diabetes education and telephone contacts (12, 13, 14) ; however, research is still needed for improving diabetes control in this population. Telemedicine is defined as the use of medical information exchanged from one site to another via electronic communications to improve a patient's clinical health status (15). It ranges from telephone calls and text messages to apps on smartphones or internet-based solutions. In line with the technological development and with the easier access to technological solutions, the use of telemedicine is increasing rapidly.
The IDEATel study compared a wide spectrum of telehealth interventions ranging from video conferences to an educational website to standard care. The study was performed in a medically underserved area. In this study, participants with lower socio economic status (SES) benefited as much as higher SES participants (16) . Thus, it was found that interventions may have the potential to reduce disparities in diabetes management (17) .
In line with the IDEATel, other studies using tele technologies have addressed difficulties in distance or understaffing (18, 19, 20, 21) . The level of care in the Capital Region of Denmark is high. All patients with T2D are offered participation in a diabetes management program (22) . In addition to the standard programs, our local healthcare center offers group-based courses for ethnic minorities in Arabic, Urdu and Turkish.
In contrast to IDEALtel and other studies, our study was designed to examine the effect of video consultations as add-on to clinic-based care in a vulnerable population of patients with T2D who had already been offered a high level of standard care as the Capital Region of Denmark is not medically underserved. Thus, our study focused on patients apparently incapable of coping with their disease.
Objectives
To determine whether monthly video consultations with a nurse preceded by regular measurements of blood sugar, blood pressure and weight uploaded to a common database in addition to clinic-based care could improve the glycemic regulation of patients with poorly regulated T2D, who had previously attended a disease management program. Moreover, to determine if a given effect would last after intervention.
Subjects and methods
We have previously described the study in detail (23) .
Trial design
The study was cross-sectional and done in cooperation between the City of Copenhagen and Bispebjerg University Hospital.
One hundred sixty-five patients were randomized 1:1 to usual care or telemedicine intervention as add-on to clinic-based care. Participants were randomized by drawing a sealed envelope containing a number. Depending on the number, the patients were allocated to either intervention or control. Due to the nature of the study, it was not possible to blind subjects.
Participants
We recruited participants from the outpatient department of three hospitals in Copenhagen, Denmark and from the local health care center. All patients had completed a 4-to 6-month diabetes management program prior to participation in the study, but had not reached their goal in spite of this. Participants were not offered economic compensation. Most participants came from Bispebjerg University Hospital, Copenhagen, Denmark. Bispebjerg is known for having a composite catchment area stretching from high-income districts, where the majority is well educated, to lower income districts, where education is sparse. Many are unemployed and suffer from chronic diseases, and a high proportion originates from non-Western countries.
Eligibility
Danish speaking inhabitants of the City of Copenhagen with T2D and a history of participation in a diabetes management program at least six months prior to inclusion were eligible. Additional inclusion criteria were willingness and ability to participate, HbA1c >7.5% (59 mmol/mol), body mass index (BMI) >25 kg/m 2 and age 30-75 years.
Exclusion criteria were terminal disease with an expected lifespan of <6 months or need of an interpreter.
Study settings
An endocrinologist and a study nurse based at Bispebjerg University Hospital enrolled participants.
Intervention
The intervention consisted of monthly video conferences with a health care center nurse via a tablet computer. Participants regularly uploaded measurements of blood sugar, blood pressure and weight directly from the meters via Bluetooth or USB jack to a tablet computer (23) . Measurements were visible to both participant and the health care center nurse and formed the basis of the consultations. A Windows 7 tablet with a 3G modem was handed out to all participants in the intervention group during the study.
The intervention was based upon the principles of empowerment and aimed toward participants being responsible of self-management and control of their disease. An interview guide carefully described the topics and the timeline of the consultations. It was made by the nurses in cooperation with the medical chief of the health care center. All nurses were experienced in rehabilitation of patients with type 2 diabetes and/ or cardiovascular disease. Furthermore, all nurses had completed an educational program in type 2 diabetes prior to commencing the study. During this program, the consequences of hypoglycemia were addressed as hypoglycemia should be avoided in patients with macrovascular complications (24) . Nurses ensured that patients would contact the doctor responsible for diabetes control in case of hypoglycemic incidents.
A pilot study was performed prior to commencing the study. Here, logistical and technical difficulties were found and addressed. Moreover, the pilot study was a way of training the art of video consultations.
The intervention was an add-on to clinic-based care. Clinic-based care consisted of a doctor's visits every 3-6 months. Some participants were seen at an outpatient department and others by their general practitioner. The goal HbA1c was set by the doctor responsible for treatment (not part of the study team). The study had no influence on the usual place of control. The study team did not manage medication. However, special attention was drawn to patients with macrovascular complications to reduce the risk of hypoglycemia.
The intervention lasted eight months and participants were followed up for six months after intervention. The control group followed usual care throughout all 14 months. The intervention is fully described in the protocol paper (23) .
Outcomes
The primary outcome was HbA1c at eight months (end of intervention). We also assessed changes between HbA1c from baseline to 8 months thereby taking into account the impact of baseline values. Moreover, we assessed the differences between 8 and 14 months, as we were interested in differences after the end of intervention.
Secondary outcomes were changes in blood pressure, lipid levels, BMI, waist/hip ratio, quality of life assessed by a modified version of the Short Form 36, version 1 (SF-36) questionnaire and diabetes-related hospital admissions. Moreover, we assessed changes in insulin doses and the fraction of patients treated with insulin. The randomization status was not blinded for the outcome assessor.
Sample size
The study was powered to detect an inter-group difference in HbA1c of 0.5% (5.5 mmol/mol). Using a standard deviation of 0.9, test strength of 0.9 and a 5% level of significance, we found that 137 subjects were to be included. We increased the sample size to 165 anticipating a dropout rate of 20%.
Tests
Baseline tests: Hemoglobin, creatinine, HbA1c, lipids, urine albumin/creatinine ratio, blood pressure, BMI, waist/hip ratio and the Short Form 36 questionnaire (SF-36).
Four months: HbA1c. Eight months: Hemoglobin, creatinine, HbA1c, lipids, blood pressure, BMI, waist/hip ratio and SF-36 questionnaire.
Follow-up (14 months): HbA1c, blood pressure, BMI and waist/hip ratio. Agreed to parƟcipate and consented (n=166) Onesubject was excluded due to screen failure (HbA1c < 7.6%)
Allocated to telemedicine n=83

Allocated to Control n=82
DisconƟnued intervenƟon (n=14) 5 withdrew immediately following randomizaƟon. 3never iniƟalized intervenƟon; of these 2 withdrew due to technical problems and one because of Ɵme restraints. 1 found the equipment stressful and withdrew within the first month. 3 struggled with life in general and could not overcome parƟcipaƟon. 1 did not comply with intervenƟon. 1 completed intervenƟon but withdrew prior to the eight months blood tests etc.
DisconƟnued intervenƟon (n=5)
1 withdrew prior to the 4 months HbA1c.
3 withdrew between the 4 months blood test and the compleƟon of the eight month intervenƟon period.
Completed 6 months follow-up visit n=68
Completed 6 months follow-up visit (n=71)
Completed 8 months intervenƟon n=69
Completed 8 months intervenƟon period n=77
Lost to follow-up n=1
Lost to follow-up, n=6 5 were lost to 6 months follow-up. 1 had passed away prior to the follow-up visit. The death was not related to diabetes or CVD.
Declined parƟcipaƟon
Excluded Figure 1 Participant flow. The primary outcome (HbA1c at 8 months) and secondary outcomes (lipids, blood pressure, BMI and waist/hip ratio) were assessed using mixed models. Furthermore, the difference in HbA1c between baseline and eight months was estimated using two-way ANOVA, adjusting for baseline HbA1c and the presence of complications. The analyses were made both with and without intention to treat, the latter being the primary analysis.
Trial registration and ethics
All participants signed a written consent form prior to inclusion in the study. The study was approved by the Research Ethics Committee, the Capital Region of Denmark (H-2-2011-158), and by the Danish Data Protection Agency (2011-41-6999). It was conducted in accordance to the Helsinki declaration. ClinicalTrials.gov registration number: NCT01688778.
Results
Recruitment occurred from April 2012 to February 2014, and the study was finalized by April 2015. We screened The remaining participants were in the care of their GP. There were no significant differences at baseline between the control and the telemedicine group (Tables 1 and 2) . Participants who discontinued within eight months (prior to completion of the intervention period) were defined as drop outs. Fourteen subjects from the intervention group (17%) and five from the control group (6%) dropped out of the study within this period. Seven additional subjects were lost to follow-up (six among controls and one from the intervention group). Overall, 16% dropped out or were lost to follow-up. This is comparable to other studies and is below the estimated rate of 20%.
HbA1c
In the intervention group, HbA1c was significantly reduced after eight-month intervention (0.69%; P < 0.000001) compared to that in control (0.18%; P = 0.22). These results were found using a paired t-test. Delta values between the two groups were 0.5% (P = 0.023).
In two-way ANOVA, significant effects of intervention (P = 0.003), baseline HbA1c (P < 0.01) and the interaction between intervention and baseline HbA1c (0.0007) were found. There was no significance of adjusting for age, complications, diabetes duration, sex, education, employment or ethnicity. With mixed-models analysis, Table 3 Mixed-models analysis. a significant effect of baseline HbA1c (P < 0.0001), intervention (P = 0.0023), complications (P = 0.0025) and age (P = 0.041) was found (Tables 3 and 4 ). High baseline values of HbA1c were associated with greater reductions in HbA1c. Participants with no diabetes complications had the highest reductions in HbA1c followed by participants with macrovascular complications and participants with both microvascular and macrovascular complications. Participants with only microvascular complications had the lowest reductions in HbA1c. Finally, older participants had greater reductions in HbA1c than younger participants.
No incidents of hypoglycemia were reported. However, due to macrovascular complications, some patients were advised to discuss medication with their doctor due to low HbA1c measured 4 months after randomization. Among patients with macrovascular complications, the mean HbA1c after 4 months was 7.9% in the intervention group (vs 8.9% in the control group). The lowest HbA1c was 6.5% in both intervention and control groups.
In intention-to-treat (ITT) analysis, missing values were imputated using the last measured value. This resulted in a smaller (0.56%), but still significant (P = 0.0002) reduction in HbA1c in the telemedicine group. However, the difference between the reduction in HbA1c in the two groups was no longer significant (delta value: 0.39%, P = 0.055).
At six-month follow-up the HbA1c had increased in the intervention group but declined in the control group (+0.18 vs −0.12) leaving no difference between the two groups.
Other outcomes
There were no changes in blood pressure, BMI, waist/hip ratio, lipids, creatinine or fasting glucose in relation to the study. Any significant changes in mental or physical health scores in SF-36 were not encountered. There was no difference in the amount of diabetes controls between the two groups. Diabetes-related admissions and emergency visits were few and only found in the control group. This was not statistically significant. Mean insulin dose was increased in both groups, but there was no difference between the two groups. Subjects who dropped out during the intervention period were characterized by having a higher HbA1c at baseline (10 vs 9.2%, P = 0.028) and a lower degree of education than subjects who completed the eight-month interventional period (P = 0.039) ( Table 5) . No participants with a higher education dropped out of the study. Creatinine was significantly higher in the completing group (P = 0.002). There was a trend toward a lower diastolic blood pressure within the completers (P = 0.051). There were no significant differences in age, diabetes duration, sex, ethnicity, SF-36 score or other baseline tests. The withdrawals did not result in any imbalance between the control and telemedicine group.
Discussion and conclusion
In this randomized study of 165 patients with poorly regulated T2D, we found that video consultations preceded by uploads of relevant measurement as add-on to clinic-based care led to a significant reduction in HbA1c compared to clinic-based care alone. We cannot conclude whether it is the intervention per se or the effect of immediate response to increased measurements, improved compliance and personal contact that lead to the improvement. However, telemedicine is used as a tool for achieving this. The same effect might have been achieved by physical consultations. However, this would have demanded significantly more resources. In the intervention group, HbA1c decreased by 0.69% compared with baseline levels, whereas the reduction in the control group was 0.18%. However, it was not possible to sustain the improvements in glycemic control at follow-up, six months after intervention. Thus, the effect only lasted when intervention was ongoing. The results are interesting because they show that patients who do not respond to standard efforts can be reached by alternative approaches such as video consultations preceded by uploading of measurements. However, they also suggest that continuing attention is necessary.
The intervention did not have any impact on blood pressure or lipid levels. Even so, the mean baseline values were satisfactory, and hence, no major improvements were expected. We could not detect any differences in BMI, waist/hip ratio, hospital admissions or quality of life assessed by SF-36.
Subjects withdrawing from the study had a higher HbA1c at baseline and a lower degree of education, confirming the social imbalance and underlining the inequality of the health care system. This could imply the need of other kinds of follow-up or additional support for the most vulnerable patients. Limitations of our study include selection bias. Though we presume the effect is mainly due to improved compliance and adherence to treatment. However, we cannot document medical procurement. It could be argued that only the most motivated patients enter a study and that the results are consequently not applicable to all patients. However, many of our participants were unemployed, had no education or belonged to ethnic minorities. In other words, many belonged to social groups normally difficult to reach. Blinding of outcome assessors for randomization status would have been preferable and would have enhanced the study's validity. The study was cross-sectorial using health care center nurses in the video consultations. These nurses did not have the authorization to prescribe medicine. Hence, medication management was not a possibility.
Strengths and weaknesses of the study
Regulating medication -especially insulin -during the video consultations would probably have resulted in a more pronounced effect. However, the study was designed to enhance empowerment-based education by use of telemedicine. Furthermore, the increased number of contacts with a health care professional in itself could improve the glycemic regulation. However, one of the advantages of telehealth is the possibility of increasing the number of consultations without forcing the patients to go to a health care clinic. Our main interest was to reach patients who did not respond to standard regimens. We found a significant reduction in HbA1c, and in contrast to most other studies, our study examined intervention as add-on to clinic-based care and was not performed in a medically underserved area. Thus, our focus was on reaching patients who could not be reached despite offers of high quality of care.
A systematic review including RCTs where HbA1c was the primary outcome compared intervention to usual care and found a positive effect of the different teleinterventions in general (25) . However, the authors conclude the need of individualized and holistic intervention and of approaches focusing on promoting self-care and proactive collaborations between health care professionals and patients to manage diabetes care. Our study was a collaboration between the hospital and the municipality. The nurses were trained using empowerment-based conversations, and although conversations were based upon an interview guide, the conversation was individualized according to the needs of the patients. Given a more extended collaboration between the nurses and the specialist, even better results may have been achieved. Most studies compared intervention to clinic-based care (21, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34) . Among these, the Whole System Demonstrator (WSD) found a positive effect on HbA1c, but no effect on quality of life (30) . An Italian multicentre study found a significant reduction of HbA1c and an improvement in Qol but in line with our study, they found no effect on lipids, blood pressure and weight (35) . A Norwegian study tested a mobile phone app as add-on to usual care, finding no difference in HbA1c between the groups after one year (27) . In contrast to other studies, intervention consisted only of telephone consultations, and there were no visual contacts.
The longest reported telemedicine study is the IDEATel. Here, significant reductions in HbA1c, blood pressure and LDL cholesterol were seen in years 1, 4 and 5 (21, 36) . However, this study was done in a medically underserved area, and intervention was used as a replacement for a low level of standard care. In contrast, our participants were not medically underserved, but patients who had not responded to standard treatment. Clinic-based care in Denmark offers all patients with type 2 diabetes a diabetes management program -doctors' visit every 3-6 months and perform annual screening for complications. Moreover, annual nurse visits for all patients followed in a diabetes outpatient clinic (90% of the participants). Thus, we focused on a population that was offered a high level of standard care including a diabetes management program, but who due to life circumstances could not benefit from it.
Social inequality in the health care system is well known, and vulnerable patients can be difficult to reach. Many of our patients could be characterized as being vulnerable due to comorbidity, lack of employment (23%) and education (39% overall). All factors associated with higher mortality and a higher risk of developing complications (3, 6) . In the current study, we examined the effect of education, ethnicity and employment finding these factors did not influence baseline values or the study outcome. Thus, vulnerability may not solely be due to SES but life circumstances per se. In the IDEATel, Hispanics had the highest baseline A1C levels and showed the greatest improvement in the intervention (17) . We also found greater reductions among patients with high baseline levels of HbA1c but no differences between ethnical groups.
In the United States, Hispanics often represent a lower social group. Thus, the difference between ethnic groups found in the IDEATel study may mainly be due to social groups rather than ethnicity. Most of our participants were socially deprived. This could explain why we did not see the same differences in ethnic groups. We found 16% of the participants dropped out of the study. Sanders and coworkers examined barriers for telehealth doing semi-structured interviews of 22 people who declined to participate in or dropped out of the Whole Systems Demonstrator (WSD). They found that concerns of need for special skills, fear of threats to identity and expectations and experiences of disruption to services were associated with declining participation or dropping out of the study (37) . We have not done systematic interviews with the non-completers, but we found that participants dropping out had higher HbA1c levels and a lower degree of education than those completing. Moreover, no participants with high education dropped out. Thus, although we reached a vulnerable population, it seems we were still not able to reach the most vulnerable patients. This stresses the importance of differentiating treatment as telehealth intervention might not be appropriate for some of the less-educated patients. Furthermore, it stresses the problem of social imbalance. In our study, tablets and glucose meters were handed out to participants in the intervention group. Today, many currently used glucose meters can upload data online. Moreover, the use of smart phones has increased significantly enabling the communication via Skype or similar programs. Thereby, even without the customized software used in this study, it would be possible to reproduce the intervention. However, when implementing in practice, it would be preferable with a number of designated loaner tablets for patients thereby overcoming the economic difficulties and disparities.
Conclusion
Taken together, our study gives evidence that telemedicine as a tool for ensuring regular measurements and feedback can lead to clinically significant improvements in glycemic control among patients who have not responded to standard regimens. However, continuing effort and attention are essential as the effect does not persist when intervention ends. Moreover, the low adherence in the subgroup with very poor glycemic regulation and low education indicates that our setup could be too difficult or that other circumstances in life outweigh the concern for diabetes implying the need for specially tailored solutions for some patients. Future studies should focus on differentiation substantiating how to meet these patients' needs as alternative approaches have yet to be encountered. Moreover, further studies are essential for addressing the issue of non-compliance and nonattendance.
